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SUMMARY 

Results of calculations are presented which simulate photolytic processes 
occurring in W O E  gas calibration cells exposed to extra-terrestrial solar 
ultraviolet photons. 
takes place in two of the szipphire-enclosed cells over the exposure periods 
of the proposed mission. 
described in which a high-voltage discharge hydrogen light source is used in 
conjunction with a vacuum ultraviolet spectrograph. 
lamp was used to expose two candidate W attenuators (ZnSe and coated Ge) to 
ascertain their suitability as UV filters while maintaining original infrared 
optical properties. 
vacuum UV radiation and suffered no adverse effects regarding their infrared 
transmissivity. 

These calculations indicate that significant photolysis 

A subsequent laboratory investigation is also 

The UV emission from this 

Both materials were found to be effectively opaque to 

INTRODUCTION 

The W O E  (Halogen Occultation Experiment) project was conceived as ameans 
of measuring and monitoring trace species in the upper atmosphere of importance 
to chemical processes occurring there. 
satellite platform utilizing techniques of infrared gas-filter spectroscopy. 
Details regarding the measurement strategy and methodology are described in 
reference 1. The optical instrument which has been d?signed for making the 
measurements incorporates a system that permits periodic precision calibration 
of the detectors to be made duri: 7 the mission. 
by insertion of four sealed cells into the unattenuated solar beam. 
calibration cells contain known amounts of the same gases which are to be 
neasured in the stratosphere (NO, HC1, HF, CH4). The window material for the 
cells is sapphire, chosen for its excellent infrared transmittance. However, 
sapphire also transmits radiation well into the vacuum ultraviolet region, 
and the gaseous contents of the <ell may be subject to photodissociation. 
Photcchemical calculations have been made using a modified atmospheric 
chemistry model. The results of the calculations indicate that the cell3 
containing NO and HC1 will urdergo significant photolysis over the proposed 
?-year mission. 

The measurements are to be made from a 

The calibrations are performed 
The 

It was concluded fmmthese calculations that expcrimental verification 
and testing of a suitable fi’_ter material would be highly desirable. 
laboratory setup consisting bnsically of a UV light source, a vacuum 
spectrograph. and calibrated photodetector was assembled. At first, a series 
of stability tests at desired operating conditions and measurements of spectral 
chracteristics of the lamp were performed. After these lamp properties were 
established, testing of candidatt filter materials (zinc selenide and 
germanium] commenced, in which the samples were irradiated with known exposures 
of UV light. 
measured before and after testing. i>e following sections discuss the 
calculations, some operational details o f  the experimental procedures, and 
results of the filter tests. 

A 

Infrared transmittance characteristics of the samples were 



CALCULATIONS OF CALIBRATION CELL PHOTOLYSIS 

The calibration cells are sealed cylindrical containers, 4 cm in length 
and 2.5 cm in diameter having sapphire windows of 1-nrm thickness. Each cell 
contains a mixture of the active gas and nitrogen as an inert filler. 
table below indicates the nominal total pressures and mole fractions of the 
constituents for the cells used in the folloving analysis: 

The 

Total Pressure, Mole Fraction of Active 
Gas Atm. Gas - 
NO 0.04 0.01 

HC1 0.04 0.02 

0.30 0.60 CH4 
HF 0.03 0.003 

Figure 1 shows a diagram of the HALOE optical instrument, and the 
physical position of the calibration cells in the optical train is indicated. 
For the proposed sateliite mission, the cells are to be inserted into the 
incoming solar beam for a 7.12-second time period, allowing calibration of the 
instrument. This procedure is repeated for each cell at 45-minute intervals 
throughout the entire 2-year period of the mission. This translates into a 
net exposure for each cell of about 2 days. 

All of these gases photolyze to some degree when exposed to ultraviolet 

The cross sections for photolysis of the gases under consideration 
photons, and the extent of this photolysis is dependent on wavelength and 
intensity. 
and the transmittance of sapphire in the wavelength region of interest are 
shown in figure 2. The sapphire transmittance is taken from a manufacturer's 
nominal specification chart for W grade naterial. It is immediately apparent 
that W radiation will be transmitted in the spectral region where NO and HC1 
undergo photodissociation. 
decreasing rapidly with wavelength where sapphiie is beginning to transmit, 
and resultant dissociation is expected to be less than that for NO and HC1. 
The cross section data and corresponding photolysis rate are those used in the 
atmospheric chemistry model of reference 2. 
tative data are available for properties of HF in the vacuum W region; 
however, the qualitative absorption of HF as presented in reference 3 
indicates that any W absorption by this species occurs at wavelengths much 
shorter than the cutoff wavelength for sapphire a; is shown in figure 2. 
Consequently, study of photolytic destruction of HF was not included in the 
present investigation. 

For CH4, the phcto-absorption cross section is 

Apparently, very little quanti- 

Cross section and solar flux data in existing atmospheric chemistry models 
predict that dissociation of NO will be most severe, with HC1 and CH4 being 
respectively less. 
of the NO cell. During the last decade, several investigators have studied 
photodissociation of NO. Reference 4 is particularly comprchmsive, and 

Hence, more emphasis was placed on analyzing the behavior 
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concludes t h a t  most photolysis  r e s u l t s  from absorpt ion i n  t h e  a(O-0) and 
60-0 )  t r ans i t i ons .  
is given i n  reference 4 as 1.3 x 10-5 *e=-'. This value has  been reevaluated 
i n  reference 5 on t h e  b a s i s  of more recent  s o l a r  f luxes  and o s c i l l a t o r  
s t r eng ths  as 3.7 x 10-6 sec'l. 

The rate f o r  photodes ruc t ion  due t o  these  transitions 

In an t i c ipa t ion  of more re f ined  computations and labora tory  inves t iga t ions ,  
a computer algorithm w a s  developed t o  ca l cu la t e  t h e  line-by-line absorpt ion 
coe f f i c i en t  f o r  t he  No &bands. 
references 4 and 5, the  de t a i l ed  s p e c t r a l  absorpt ion from these  two bands has 
been ca lcu la ted  and p lo t t ed  r e s u l t s  are given i n  f igu re  3. Each l i n e  on the  
p lo t  represents  the  value of peak absorption determined from t h e  formulas of 
reference 6. The ca lcu la t ions  were performed f o r  nominal room temperature 
condi t ions of 300 K a t  t h e  ce l l  pressure of 0.04 atm., f o r  which i t  was found 
tha t  Doppler broadening dominated t h e  l ine shape. The Doppler ha l f -wid th  w a s  
determined t o  be 0.122 cm-l ,  about 36 t i m e s  as great as t h e  estimated c o l l i s i o n  
width. An approximate photodissociation rate, J , may be  ca lcu la ted  from 

Using spectroscopic  cons tan ts  from 

J =  L/m Av v (I v dv 
Au 

where Av is 
sec t ion ,  and 

the wave number range f o r  t he  band, a,, is t h e  s p e c t r a l  c ross  
Fv is the  W f lux.  The quantum e f f i c i ency  f o r  photo lys i s ,  , 

is here assumed t o  be uni ty ,  i n  accordance with previous model ca lcu la t ions .  
The in tegra ted  absorption, /- o,,dv, f o r  t h e  6(0-0)  and 6(1-0) bands is 

Av 
computed t o  be 1.926 X and 4.728 x cm,  respect ively.  When nominal 
s o l a r  f l ux  i n  t h i s  wavelength region i s  assumed (2 .8  x 10l1 photons/cm2) and 
a bandpass of 600 cm-l is used f o r  each band, t he  r e s u l t a n t  photolysis  rates 
a r e  0.9 x sec" f o r  t h e  6(0-0) and 6(l-0) bands, respec- 
t i ve ly .  

and 2.2 x 
These results are i n  s u b s t a n t i a l  agreement with those of reference 5. 

The pr imary photolyt ic  breakup of NO and HC1 molecules i n t o  cons t i tuent  
atoms i n i t i a t e s  a series of chemical reac t ions  which inevi tab ly  r e s u l t  i n  a 
buildup of s t a b l e  spec ies  a t  the  expense of t he  pzrent gas. 
p red ic t  r e a l i s t i c a l l y  t h e  sequence of events taking place i n  t h e  c e l l s  on 
exposure t o  W rad ia t ion ,  per t inent  s ec t ions  of a photochemical model were 
employed ( r e f .  1 ) .  The reac t ion  schemes f o r  NO and HC1 a r e  given i n  Table I. 
For methane, t h e  photolysis  rate was determined t o  be 6.5 x sec'l f o r  
wavelengths in t h e  sapphire  transmission region. This small value precludes 
any s ign i f i can t  d i ssoc ia t ion  of CH4, and t h i s  spec ies  was not  given fu r the r  
consideration. 
during which photolyt ic  reac t ions  Gccur, and a much longer dark period i n  which 
only thermochemical reac t ions  t a k e  place. The ca lcu la t ions  f o r  each ind iv idua l  
cycle  d i f f e r  because the  i n i t i a l  conditions fo r  each i l luminat ion period con- 
t inue t o  vary. 
f i rs t  exposure cycle is shown i n  f igure  4 .  I t  is seen t h a t  N and 0 atoms 
equ i l ib ra t e  during the f i r s t  mill isecond. 

In order  t o  

The exposure cycle  cons i s t s  of a sho r t  period of i l luminat ion 

The h i s to ry  of the var ia t ion  of dominant spec ie s  during the  

Molecular n i t rogen ,  oxygen, NO2, 
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and N20 form continuously during the  exposure time. 
shut  o f f ,  0 and N disappear rap id ly  while N2, 02 ,  N02, and N20 remala 
e s s e n t i a l l y  unchanged by reac t ions  occurr ing In  t h e  dark por t ion  of t h e  cycle.  
Thus, s t e a d i l y  increasing amounts of s t a b l e  spec ie s  form as NO 2s destroyed. 
The intermediate spec ies  included i n  t h e  reac t ion  scheme (03, O(lD), No3, 
N2O5) form i n  small q u a n t i t i e s  during t h e  i l lumina t ion  period and subsequently 
disappear during the  dark period. 

m e n  the  r ad ia t ion  is 

The t o t a l  time of t h e  mission includes over 23,000 such cycles.  After 
ca l cu la t ing  i n  d e t a i l  about 10,000 cyc les ,  t he  i r r e v e r s i b l e  disappearance of 
NO became obvious. 
complete mission. 
function extrapolat ion.)  

Figure 5 dep ic t s  t h e  predicted disappearance of NO for t h e  
(The l a t t e r  ha l f  of t h e  curve I s  based on an exponential 

Similar types of ca lcu la t ions  f o r  t he  HC1 c e l l  showed t h a t  s u b s t a n t i a l  
amounts of HC1 would a l s o  be i r r e v e r s i b l y  destroyed. 
s ince  the  photolysis  rate was determined t o  be 2.5 x lod sec- l ,  only s l i g h t l y  
less than tha t  determined f o r  NO. 

This w a s  no t  unexpected 

The ca lcu la t ions  described above were a l s o  used t o  estimate t h e  W 
a t tenuat ion  required such tha t  no more than 5% of the  parent  gas be  depleted.  
Using appropriate  s o l a r  f l ux  values fo r  t he  per t inent  wavelength ranges, t he  
a t tenuat ion  f ac to r s  were found t o  be 98.6% and 93.9% f o r  NO and HC1, respec t ive ly ,  
o r  a 1.4% and 6.1% transmission of inc ident  s o l a r  f l u x  would be the  maximum 
allowable. 
ac tua l  s i t u a t i o n ,  s ince  many of t h e  rate coe f f i c i en t s  and c ross  sec t ions  are 
imprecisely known. Also, t he  p o s s i b i l i t y  exis ts  t h a t  important but  unknown 
chemical mechanisms may not have been included. 
pos i t ive  manner tha t  the  W i n t e n s i t y  is s u f f i c i e n t l y  a t tenuated ,  and t h a t  t h e  
a t tenuators  s u f f e r  no de le te r ious  e f f e c t s  from sustained W exposure which 
might impact the  mission measurements, laboratory v e r i f i c a t i o n  is highly 
desirable .  

Calculat ions of t h i s  s o r t  a r e  necessar i ly  idea l i za t ions  of t h e  

In order  t o  test i n  a 

TEST INSTRUMENTATION AND PROCEDURE 

A UV l i g h t  source which had been previously u t i l i z e d  In  an experiment 
re la ted  t o  high-speed planetary en t ry  was employed i n  t he  present  tests. 
The i l luminat ion,  which is provided by a high voltage discharge i n  hydrogen, 
was f e l t  t o  be of s u f f i c i e n t  i n t e n s i t y  i n  t h e  desired s p e c t r a l  region f o r  
t e s t ing  candidate a t tenuators .  Cha rac t e r i s t i c s  of t h i s  l i g h t  source have been 
described i n  d e t a i l  i n  reference 8. Figure b shows a typ ica l  photon f lux  
spectrum fo r  t he  lamp when used i n  conjunction with a 1-meter vacuum spectro-  
graph. 
photochemical model of reference 2. 
snd s o l a r  f l ux  a r e  approximately equal.  
10 times the  l eve l  shown i n  f igure  6 by increasing entrance and e x i t  slit  
widths (a t  some s a c r i f i c e  i n  spec t r a l  r e so lu t ion ) .  
meaningful t e s t i n g  of t h e  c e l l s  and/or candidate W a t t enua to r s  may be ca r r i ed  
out conveniently. For t h i s  study, a t tenuators  made of zinc se len ide  and 
germanium have been se lec ted .  

A l s o  shown is  t h e  s o l a r  f l u x  ou ts ide  t h e  atmosphere taken from t h e  
It is seen tha t  a t  about 170 nm, the  lamp 

The lamp f lux  can be increased t o  about 

I t  is thus apparent t h a t  
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The instrumentation used in t he  experiment is depicted i n  f i g u r e  7. 
I-meter scanning monochromator was used i n  conjunction with t h e  hydrogen 
discharge UV l i g h t  source. A high vacuum ( e  2 x 
i n  the  main chamber of t he  spectrograph during operat ion of  t h e  lamp. 
Parameters such as hydrogen flow rate. pressure ,  cu r ren t ,  and vol tage on the  
lamp were c lose ly  monitored and held constant  throughout t h e  experiment. 
e x i t  aper ture  of t h e  spectrograph was equipped with a dual-beam attachment 
containing grazing incidence mirrors  t o  d e f l e c t  t h e  beam i n t o  one of two ava i l -  
ab l e  t e s t i n g  chambers. 
mu l t ip l i e r  tube placed behind a sodium-salicylate coated window, o r  a photo- 
diode de tec to r  recent ly  ca l ib ra t ed  a t  NBS. 
sigt la ls  included a s t r i p  char t  recorder,  a dc voltmeter,  and an in t eg ra t ing  
d i g i t a l  voltmeter. 

A 

mm Hg) was raafntafned 

The 

Light de tec tors  used were e i t h e r  a high-gain photo- 

Options f o r  rcadout of t h e  de t ec to r  

The assembly is represented schematically i n  f igu re  8 .  Pressure a d  flow 
rate of hydragen from a supply b o t t l e  t o  t h e  lampwere regulated through a series 
of valves and gages. Both the  gas flowmeter and t h e  pressure gage readouts were 
augmented by d i g i t a l  voltmeters f o r  more prec ise  regulat ion.  A constant  cu r ren t  
power supply was used t o  maintain a 160 ma cu r ren t  on t h e  lamp. 
was cooled by both water and a i r  flow systems. 

The l i g h t  source 

A magnesium f luo r ide  window separa t ing  t h e  lamp from the  spectrograph 
main chamber w a s  found t o  be  unsui table  f o r  t h i s  experiment. A continuous 
drop i n  transmittance was observed a f t e r  s eve ra l  hours of lamp operat ion,  and 
v isua l  examination of t he  exposed window 
This necess i ta ted  operat ion of the system without a window and required compensa- 
t i n g  adjustments of t he  lamp pressure and flow rate. 
chamber was ra i sed  but remained s u f f i c i e n t l y  low (< 2 x 
a t tenuat ion  and o p t i c a l  sur face  de t e r io ra t ion .  

indicated s i g n i f i c a n t  degradation. 

Pressure i n  t h e  main 
mm Hg) t o  prevent 

Pr ior  t o  t e s t i n g  t h e  a t t enua to r s ,  t h e  lamp was operated and c lose  observa- 
t ion  was made of the  sys tem's  behavior. Figure 9 shows a scan of t he  lamp's 
hydrogen spectrum from 140 t o  165 nc.  along with t h e  quantum e f f i c i ency  of t h e  
photodiode de tec tor  as determined by NBS. The quantum e f f i c i ency  is seen t o  
be near ly  constant  i n  t h i s  wavelength in t e rva l .  The i n t e n s i t y  of t h e  hydrogen 
spectrum exh ib i t s  the  fea tures  of a continuum between 165 and 200 nm a s  is shown 
i n  f igure  10,  where t h e  de tec tor  gain is l a r g e r  than f o r  t h e  scan of f igu re  9 .  
The s igna l  from the  photodiode f o r  severa l  wavelengths i n  t h i s  continuum region 
was measured by in t eg ra t ing  t h e  voltage over a time period of 100 seconds and 
averaging, thus el iminat ing minor short-term f luc tua t ions .  This procedure was 
repeated severa l  times over a period of  about a week. Resul ts  from these  
observations a r e  shown i n  f igu re  11 and ind ica t e  t h a t  under cont ro l led  condi- 
t i ons ,  the  lamp exhibi ted very good r e p e a t a b i l i t y  and s p e c t r a l  s t a b i l i t y .  

MEASURINENT STRATEGY AND TEST RESULTS 

Two in f ra red  t ransmit t ing mater ia ls  were se lec ted  a s  candidate W a t t enua to r s  
for  the  present testw. 
germanium with an a n t i r e f l e c t i v e  coating. 

These were samples of uncoated zinc se len ide  and pure 
The measurement requirements included 
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i r r a d i a t i o n  of t he  sample with W photons such t h a t  t h e  exposure is r tpresenta-  
tive of t h a t  incurred during the  o r b i t a l  mission. I n  order  t o  accomplioh t h i s ,  
t h e  t o t a l  lamp radiance is focused by t h e  g ra t ing  on t h e  exi t  aper ture .  
dimensions of t he  spectrograph entrance slit were f ixed  a t  50 um width and 
5 mm height. The rectangular  concave g ra t ing  is equid is tan t  from both entrance 
and exit slits, with geometry such t h a t  t h e  angles  of divergence of r ad ia t ion  
from t h e  focused image of t h e  entrance slit are 5.550 i n  t h e  ho r i zon ta l  and 
3.250 i n  the v e r t i c a l .  

The 

A two-position grazing incidence concave mirror is s i t u a t e d  i n  t h e  dual- 
beam chamber so t h a t  t h e  e x i t  image is d i rec t ed  i n  e i t h e r  of two d i r e c t i o n s ,  
a s  is i l l u s t r a t e d  i n  f iku re  12. For t h e  tes t  configurat ion,  t he  sample 
a t tenuators  were placed so t h a t  t he  exposed sur face  was 5 mm from t h e  focused 
slit image. 
on the  sur face  of t h e  tes t  samples. 
in f ra red  transmission scans f o r  each a m p l e  were generated by u t i l i z i n g  
f a c i l i t i e s  provided by t h e  LaRC Instrument Research Divisf on. 

This rendered an i l luminated a rea  of 0.5 x 5.28 mm, o r  0.0264 cm2, 
P r io r  t o  exposing t h e  samples t o  UV photons, 

The samples were then i r r a d i a t e d  f o r  a spec i f ied  48-hour time period, 
a f t e r  which the  inf ra red  t ransmit tance measurements were repeated i n  order  
t o  a sce r t a in  whether t he  inf ra red  proper t ies  of t h e  materials had been a l t e r ed .  
lo operate t h e  W l i g h t  source f o r  more than about 3 hours continuously was 
deemed inadvisable ,  and t h e  48-hour t o t a l  exposures were normally performed 
over an i n t e r v a l  of a week o r  more. 
so t ha t  the tes t  sample was posit ioned i n  one path of  t he  dual-beam chamber, and 
the  ca l ibra ted  photodiode i n  t h e  other .  
l i g h t  source w a s  about 30 minutes, during which t i m e  t h e  samples were not  exposed 
t o  l i g h t .  
the  photodiode s igna l ,  t h e  samples were then exposed f o r  a period of several 
hours. During these exposure sess ions ,  t he  photocurrent of t he  ca l ib ra t ed  diode 
was recorded per iodica l ly  ( a t  least hourly) by momentarily de f l ec t ing  t h e  beam 
onto the diode and reading t h e  photocurrent with an electrometer .  The s t a b i l i t y  
and r epea tab i l i t y  tests performed earlier provided confidence tha t  more frequent 
observations were unnecessary. 

The opera t iona l  configurat ion was es tab l i shed  

The i n i t i a l  warm-up period f o r  t h e  

Af te r  the  lamp i n t e n s i t y  had s t a b i l i z e d  with time, a s  monitored by 

The ca l jbra ted  photodiode s igna l  cur ren ts  recorded during the  sample 
exposures a r e  shown i n  f igure  13 as a funct ion of t o t a l  exposure t i m e .  
addi t ion ,  an ord ina te  sca l e  represent ing photon f l u x  is provided. 
photodiode s igna l  current  is a d i r e c t  measure of t h e  number of  e l ec t rons  emitted 
by the  photocathode of t h e  de tecror ,  the  incidence number of photons may be 
determined from t h e  previously measured quaptum e f f i c i ency  of t he  de tec tor .  
it is assumed tha t  t he  quantum e f f i c i ency  is constant (as  i t  p r a c t i c a l l y  is f o r  
the  wavelength region where most of t he  lamp emission occurs ) ,  t he  number of 
photons per second incidence on the photodiode is  given by 

In 
Since the  

When 

6 .  24(10)18iD 

n 
N (photons /sec ) = - 
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where iD is the  signal cur ren t  i n  amperes and 0 is t h e  quantum e f f i c i ency ,  
which has been assigned t h e  value 0.065 (see f igu re  3). 

The photon f lux  incident  on the  sample is then found by d iv id ing  by the  
area il luminated. By r e fe r r ing  t o  f i g u r e  6 ,  i t  may be seen tha t  t h i s  flux 
is on t h e  order  of 100 times the  unattenuated s o l a r  f l ux  i n  t h e  wavelength 
region where n i t r i c  oxide absorbs,  and exceeds t h e  s o l a r  f l u x  t o  an even 
g rea t e r  degree a t  s h o r t e r  wavelengths. 

The inf ra red  transmission measurements are shown In f igu res  14 and 15 
f o r  t he  ZnSe and G e  samples, respec t ive ly ,  f o r  times before and a f t e r  W 
exposures. No apparent d i f f e rences  are immediately d iscern ib le ;  indeed, a f t e r  
ca re fu l  s c ru t iny  of the transmission measurements made with several in f r a red  
spectrometers,  i t  was  concluded t h a t  no measurable a l t e r a t i o n  of t h e  in f r a red  
proper t ies  of e i t h e r  of t h e  samples occurred as a r e s u l t  of t h e  W i r r a d i a t i o n .  

In  addi t ion  to the  exposure measurements, at tempts were made to observe 
any W r ad ia t ion  t ransmit ted through t h e  samples. 
observing signals from a high-gain photomult ipl ier  tube/sodiuru s a l i c y l a t e  
window combination placed d i r e c t l y  behind t h e  sample i n  t h e  dual-beam chamber. 
With t h e  sample i n  place,  only dark cur ren t  could be de tec ted ,  which guaranteed 
the  UV a t tenuat ion  f ac to r  t o  be a t  least This degree of a t tenuat ion  
g rea t ly  exceeds t h a t  required f o r  insur ing  t h a t  t he  c a l i b r a t i o n  cells are s a f e  
from photolyt ic  degradation. 

This was accomplished by 

CONCLUSIONS 

There are two primary conclusions r e s u l t i n g  from t h i s  inves t iga t ion :  

1. Cal ibra t ion  gas cel ls  enclosed 1.1 sapphire  containing n i t r i c  oxide 
o r  hydrochloric ac id  gas are subjec t  t o  subs t an t i a l  photo]-ytic e f f e c t s  when 
i r r ad ia t ed  with unattenuated s o l a r  W photons. 

2. The inf ra red  t r a n s m i t t k g  materials, ZnSe and G e ,  are s u i t a b l e  as W 
a t tenuators  and should s u f f e r  no adverse e f f e c t s  when exposed t o  photon f luxes 
up t o  100 times the  ,mattenuated s o l a r  f l u x  i n  the  vacuum u l t r a v i o l e t  s p e c t r a l  
region. 

Since the  a n t i r e f l e c t i v e  coated germanium sample exh ib i t s  i n f r a red  t rans-  
missivi ty  g rea t e r  than 90% over t h e  c r u c i a l  wavelength range (2.5-10 um), 
while t ha t  of ZnSe is s l i g h t l y  less than 75%, the  former material appears t o  be 
more sui2abLt:. Pa r t i cu la r  apprehenston about the  o c t i c a l  coat ing was f e l t ;  
however, no de le te r ious  e f f e c t s  whatsoever could be detected as a r e s u l t  of 
the  UV exposure. 

The u t i l i z a t i o n  of instrumentation and techniques as described here in  
may be f eas io l e  i n  fundamental s tud ie s  r e l a t ed  t o  photodissociation of t r a c e  
gases i n  the e a r t h ' s  atmosphere. For example, s eve ra l  spec ies  important i n  
the chemistry of t h e  upper atmosphere have reasonably well-known absorpt ion 
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cross sections in the vacuum W, while the quantum efficiencies for photolysis 
are not known as a function of wavelength. 
peripheral equipment may be well-suited as a tool for measuring spectral 
quantum efficiencies. 

The subject source along with its 
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TABLE I 

(a )  Chemical Reaction Mechanisms Used for NO Cell Calculat ions 

N O + h u = N + O  20 + M = O2 + m O* + N2 = 0 + N2 

O3 + hu = 0 f O2 0 + O2 + M - O3 + M 0 + o3 = 202 

'03 + hu = O* + O2 O3 + NO = NO2 + O2 NO + O  + M =  NO2 + M  

NO2 + hu = NO + 0 

NO2 + hu = O* + NO NO + NO3 2 N 0 2  N20 + O* = 

NO3 + hu = NO + O2 

NO3 + hu = NO2 + 0 

N 2 0  + hv * N2 + 0" 

N 0 

O2 + hu = 20 

O3 + NO2 * NO3 + O2 O* + N2 + M = N 2 0  + M 

N2 + O2 

NO2 + 0 + M = NOg + M 

NO2 + NO3 + M = N205 + M 

N205 + M = NO2 + NO3 + M 

N + O2 = NO + 0 

N + O 3  = NO + O2 

N20 + O* = 2NO 

N205 + 0 = 2N02 + O2 

N + NO2 = N 2 0  + 0 

N + NO = N2 + 0 

0 + NO2 = NO + O2 

+ hu = NO2 + NO3 
2 5  

2 N  + M = N2 + M 0" + o2 = 0 + o2 

(b)  Chemical Reaction Mechanisms Used for HC1 Cell Calculat ions 

HC1 + Hv = H + C l  

C12  + hu = 2C1 

H + HC1 = H2 + C 1  

C1 + H2 - HC1 + H 

2C1 + M = C12  + M 

2H + M = H2 + M 

H + C 1  + M =  H C l + M  

H + C12 = HC1 + C 1  

+The original O* is used for the  exci ted 'I3 s t a t e  of the  oxygen atom 
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Figure 1 .-HALOE qptical instrument assembly diagram showing 
position of calibration gas cel ls .  
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